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Abstract – This paper presents the design and   
implementation of a fuzzy logic controller (FLC) on 
8-bit microcontroller using C-generic code. The 
FLC can be reconfigured by modifying the generic 
code written in C language easily. The parameter 
of the input and output membership functions, the 
fuzzy inference rules can be reconfigured by 
change the parameter defined on the top of C-
coded program easily to suite any control 
application. The generic codes of the FLC are 
divided into: Membership function, max and min 
operator, and defuzzification function. The C-
generic code of the FLC has been implemented on 
an 8-bit Microcontroller device, Cygnal C8051f020 
(MCS-51 family made Cygnal Corp.). The FLC has 
also been tested in term of its functionality and 
reconfiguration. And the test results have given 
control surfaces that are closely similar to 
MATLAB results. It seems that the C-generic code 
could be easily implemented on Microcontroller, 
and provides cost-effective efforts and short design 
time as well.  
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Microcontroller, C Language, C-generic code. 
 
 
I. INTRODUCTION 
 
The use of embedded controller is suitable 
to meet real-time problem in control 
applications. There are several options to 
realize controller: microcontroller, 
embedded processor, digital signal 
processor (DSP), and programmable logic 
device, such field programmable gate 
array (FPGA) devices.  
Fuzzy logic controller (FLC) system is one 
of control methodologies that is grow fast 
in industrial applications. Several works 
have implemented the FLC in digital mode 
[1,2,3,4] and in analog mode [5,6].  
In digital mode using FPGA technology 
[1,2] the FLC can be made flexible, and 
easy to apply testing method. The design 
time can also be shortened using standard 
hardware description language (HDL). For 
mass production, the digital FLC can also 
be implemented on application-specific 
integrated circuit (ASIC) [3,4]. This 
approach can increase design and testing 
time but decrease chip cost for massive 
manufacturing. 
Another approach to implement digital 
FLC is by using DSP or microcontroller. 
Both devices are programmable and can be 
configured using standard Assembly 
language or higher- level language such as 
C/C++.  
Implementation using DSP, FPGA, and 
ASIC makes system can be operated in 
thousand until hundreds MHz with input-
output delay time is about in nanosecond 
time scale. While using microcont roller 
the system can be operated in 10-12 MHz 
with input-output delay time is in 
millisecond time scale. However the 
design and chip cost using microcontroller 
are much lower. And the system should 
also be operated in control system with 
soft-time constraint.  
This works is focused on fuzzy logic 
controller design and implementation 
based on 8-bit MCS-51 microcontroller 
family. This FLC is dedicated to control 
application which has fair/immediately-
short input-output delay time. 
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Fig.1. Control system using Fuzzy Logic 
Controller. 
 
 
II. FUZZY MODEL 
 
FLC on microcontroller is one of the best 
embedded software solutions in control 
problem. Design and implementation on 
microcontroller using C-language provides 
flexibility, short design-time, and cost-
effective effort. Because of wide-range 
applications of FLC, embedded software 
design using C is best solution to the 
problem and industry challenges.  
This section will provide an example of 
the FLC model using C-generic code. The 
designed FLC in this research can be 
reconfigured in term of: 
1. Number of inputs and outputs  
2. Number of membership function (MF) 
for inputs, and its membership shape 
and form 
3. Number of fuzzy singleton 
consequences for outputs and its 
consequence values 
4. Number of implication rules (IR), and 
its rules configuration. 
Figure 1 shows one of the FLC model with 
two-input and one output. And the 
membership function of the FLC can be 
configured with three membership 
function as shown in Figure 2(a) for both 
inputs, and Figure 2(b) for its single 
output. 
After FLC has been modeled, and the next 
works is modeling it using C-generic code. 
 
 
Fig.2. Reconfigurable (a) the Inputs’ MF, and 
(b) the Outputs’ Consequence values. 
 
The FLC specification is as follow: 
Number of inputs is 2, number of outputs 
is 1, number of MF for input 1 is 3, 
number of MF for input 2 is 3, number of 
MF for output is 3, and number of IR is 9. 
Figure 2 shows membership form for input 
and output. The MF parameters are in the 
following table. 
 
  Low-
point 
Med-
point 
High-
point 
MF_small1 2 24 32 
MF_med1 24 32 40 
MF for 
Input 1 
MF_big1 32 40 50 
MF_small2 0 25 50 
MF_med2 25 50 75 MF for Input 2 
MF_big2 50 75 100 
(a) 
 
Output consequence  Low Fair High 
Consequence value 5 10 15 
(b) 
Table.1. (a) Membership function parameter.  
(b) The consequence values of the output. 
 
Input 2 If _&_ Then 
consequence  small2 med2 big2 
small1 Low Low Fair Input 
1 
med1 Fair Fair High 
MF_small MF_med MF_big 
Low-point Med-point High-point 
Consequence  
Low         Fair        High 
Consequence  values 
(a) 
(b) 
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 big1 Fair High High 
(a) 
Input 2 If _&_ Then 
consequence  small2 med2 big2 
small1 High High High 
med1 Fair Fair Low Input 
1 
big1 Low Low Low 
(b) 
Table 2. (a) Implication rules for configuration 
1. (b) Implication rules for configuration 2. 
 
 
III. FUZZY C-GENERIC CODE 
 
By understanding the structure of fuzzy 
system and the syntax of C, the user could 
derive model of the fuzzy system using the 
C-generic codes.  
Specifications described in Table 1 and 
Table 2 is then translated in C-code as 
shown in Figure 3. All specification can be 
reconfigured by changing information or 
data defined in Figure 3 where they are 
written in top of the C-program. 
The membership function of the inputs and 
fuzzy singleton consequences of the output 
are also translated in C-code and 
segmented on a single C-function for 
every membership function. Change data 
specification in Figure 3 will also change 
C-function membership form 
interpretation. Figure 4 shows an example 
of a function of one membership function. 
 
 
 
Fig.3. The top list presenting C-code for fuzzy 
parameters. 
 
 
 
Fig.4. The C-code presenting the list of a 
fuzzification function. 
 
There are six generic function 
implemented in C-code to make this FLC 
can be reconfigured with flexible effort. 
They are: Trapezoidal membership 
function with positive slope, its 
counterpart with negative slope, Triangular 
membership function, Max function, Min 
function and Defuzzification function. The 
designer could use all the generic function 
to perform number of membership terms 
of the input, number of rules, 
configuration of rules, and number 
consequence values of the output. The 
designer could also modify FLC by adding 
more inputs and outputs. In this case 
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C8051f020 has 8 ports that could be 
assigned as I/O ports.  
After designing FLC C-code by combining 
all C-function then it is compiled to 
produce configuration file in binary or hex 
format. Designing and compiling program 
use Cygnal IDE (Integrated Development 
Environment) software. 
 
 
IV.  SIMULATION AND TESTING 
RESULTS 
 
Binary or hex format file produced from 
no-error compilation process is then 
downloaded into flash memory in the 
C8051f020 microcontroller. Figure 5 
shows an ISP board containing C8051f020 
microcontroller. This board is used to 
download the program and test its 
functional behaviors. 
 
 
Fig.5. The ISP (in-system programming) board 
containing microcontroller Cygnal 
C8051f020. 
 
 
Fig.6. Control surface for configuration 1 (see 
Table 2(a), which is obtained from (a) 
microcontroller C8051f020 (actual), and 
(b) desired. 
 
 
Figure 6 shows control surface obtained 
from testing the FLC rule specification 
example mentioned in Table 2(a). It looks 
that the actual surface output obtained 
from testing microcontroller could follow 
the desired control surface. 
Another rule configuration as shown in 
Table 2(b) is tested on microcontroller. 
Before downloading new binary file, the 
FLC C-code is modified with less effort, 
because the C-code designed is made 
flexible enough to configure into another 
configurations.  
Figure 7 shows the testing result using rule 
configuration 2 as exhibited in Table 2(b). 
It looks that control surface obtaining from 
testing microcontroller has similar form to 
desired control surface. 
(b) 
(a) 
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Fig.7. Control surface for configuration 2 (see 
Table 2(b), which is obtained from (a) 
microcontroller C8051f020 (actual), and 
(b) desired. 
 
 
Both testing results as presented in Figure 
6 and Figure 7 use 225 test vectors 
respectively. The functional test is done by 
applying binary signals into both input 
ports and observing the binary output via 8 
LED connected into output port. 
 
 
V. CONCLUSIONS 
 
The fuzzy logic controller (FLC) has been 
successfully implemented on 
microcontroller C8051f020 using C-based 
programming language. The FLC can be 
reconfigured in term of its input’s 
membership form, output’s consequences 
values, and implication rules. 
Configuration of the FLC C-code to follow 
desired control surface can be done easily 
and less effort.  Two examples of the rule 
configuration has been verified, and both 
has given good functional to follow 
desired control surface. 
For future works, the FLC should be 
applied to control any specific plant with 
any specification. And the C-code of the 
FLC would be modified to suite control 
specification of the fuzzy system. 
And also for future works, timing testing 
would be performed to observe input-
output delay time and performance of the 
FLC. This works would help to determine 
weather the FLC can be applied into 
particular real-time control application 
with time-constraint specification.   
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